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Many researchers have focused chitosan as a source of potential bioactive material during the past few 
decades. However, chitosan has several drawbacks to be utilised in biological applications, including poor 
solubility under physiological conditions. Therefore, a new interest has recently emerged on partially 
hydrolysed chitosan, chitosan oligosaccharides (COS). In this study, degradation of chitosan was performed 
by Cellulase from Trichoderma reesei® 1.5L and Response Surface Methodology (RSM) were employed to 
optimize the hydrolysis temperature, pH, enzyme concentration and substrate concentration. Optimization 
of cellulase T. reesei® using central composite design (CCD) was to obtain optimum parameters and all the 
factors showed significant effects (p˂0.05). The maximum response, Celluclast® activity (1.268 U) was 
obtained by assaying the process at 49.79oC, pH 4.5, 3% (v/w) of enzyme concentration and 25% (w/v) 
concentration of chitosan for 24 hours.  
 






Chitosan is a polysaccharide with a linear structure composed of β-(1→4)-linked 2-amino-2-
deoxy-D-glucose (GlcN) and 2-acetamido-2-deoxy-D-glucose (GlcNAc) residues. Chitosan is a 
high molecular weight with a fibre-like structure similar to that cellulose. It is also a non-toxic and 
biodegradable biopolymer. Chitosan is obtained by homogeneous deacetylation of chitin with a 
strong base, resulting chitosan of different acetyl content or deacetylation degrees. Contrary to 
chitin, chitosan is readily dissolved in the dilute aqueous acidic solution below pH 6.0 due to 
removal of its acetyl groups. Chitosan solutions show high viscosity and the solubility depends on 
its degree of deacetylation (DD), where, the higher the DD, the higher is the solubility. Chitosan 
solubility is low above pH 7.0 and precipitation or gelation is likely to occur (Lee et al., 2002). 
 However, chitosan oligosaccharides (COSs) which are oligomers of β-1, 4-linked D-
glucosamine have low viscosity and are freely soluble at neutral pH. COSs can be obtained by 
MALAYSIAN JOURNAL OF APPLIED SCIENCES 2020, VOL 5 (2 ): 30-44 
E-ISSN:0127-9246 (ONLINE) 




MALAYSIAN JOURNAL OF APPLIED SCIENCES 2020, VOL 5 (2), 30-44 
31 
 
chemical or enzymatic hydrolysis of the chitosan chains. Chemical hydrolysis is carried out by two 
alternative methods: acid hydrolysis with concentrated acids (Horowits, 1957) or oxidative 
degradation with hydrogen peroxide (Chang et al., 2001). However, chemical hydrolysis produces 
low yields of the COS with a degree of polymerisation (DP) 6-8 because of low efficiency and 
random cleavage. An alternative to the aggressive chemical hydrolysis, chitosan may also be 
hydrolysed in a milder way using enzymes. Enzyme catalysed chitosan hydrolysis is more specific 
and the reaction can be controlled and, therefore of the product size.  
 COSs possess special interest because they have a variety of biological and physiological 
activities. COSs are bioactive compounds with many uses in the fields of food, health, and 
agriculture. They have been claimed to have a great number of effects and activities, including 
among others: prebiotic, antimicrobial, antitumor, tissue recovery stimulation, antidiabetic, 
immuno-stimulant, anti-inflammatory, calcium absorption acceleration, antimutagenic, antioxidant 
and activator of plant resistance towards insect and pathogen attack (Jeon et al., 2000; Kim & 
Rajapakse, 2005). It has been reported that chitooligosaccharides from the tetramer to heptamer 
display strong attracting responses to peritoneal exudate cells in BALB/c mice, and chitohexaose 
has significant growth-inhibitory effects against sarcoma-18, MM-46 and Meth-A solid tumours in 
mice (Semeňuk et al., 2001; Kulikov et al., 2006; Sun et al., 2007). Furthermore, chitohexaose 
has been found to enhance protective effects against infection with some microorganisms in mice 
(Saltykova et al., 2003; Kadokura et al., 2007; Lien et al., 2007). 
Cellulase is a complex enzymatic system responsible for the degradation of cellulosic 
substances. Generally, it occurs in various fungi, bacteria, insects and other lower animals. It has 
been used for the hydrolysis of chitosan to produce COS instead of chitosanase because of its 
economy. Recently, an unspecific hydrolytic action of cellulase on chitosan at the optimum 
condition of pH 4.5 and 60 oC was reported (Li et al., 2006). Hong & Kim (1998) investigated the 
ability of cellulases from Trichoderma viride and Trichoderma reesei as well as the commercial 
cellulase, Celluclast® from T. reesei, to degrade chitosan to oligosaccharides, finding that possible 
application of Celluclast® to chitooligomers production. Chitosan hydrolysates reacted with 
Celluclast® for 15h contained various types of chitooligomers, while the content of chitosan 
hexamer was approximately 8.0%. Choi et al. (2004) reported that T. reesei and Bacillus sp. 
KCTC0377BP secreting the bifunctional chitosanases-cellulase, acts on chitosan in endo-pattern, 
producing low molecular weight chitosan and high acetyl chitooligosaccharides. 
Response Surface Methodology (RSM) is a collection of statistical and mathematical 
techniques used in developing, improving, and optimising processes in which a response of 
interest is influenced by several variables. RSM applies an experimental design, such as the 
central composite design (CCD), to fit a second-order polynomial using the least-squares 
technique. An equation is used to describe how the test variables affect the response and 
determine the interrelationships among the variables. RSM was found to be successful and 
economical during the optimisation of various industrial processes (Deepak et al., 2008; 
Yongjiang., 2009; Gan & Latiff, 2011). 
The objective of this study was to optimise the production of COS by β-glycosidic degrading 
enzymes. This work was concerned with the degradation of chitosan using a cheap, commercially 
available cellulase, Celluclast® from T. reesei. The optimisation was done through response 
surface methodology (RSM). In this study, four reaction conditions namely temperature, pH, 





Materials and Methods 
 
Materials 
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Chitosan powder-PM 100 was obtained from Eastern Global (M) Sdn. Bhd. (Parit Buntar, Perak, 
Malaysia). Celluclast® 1.5L was purchased from Sigma Chemicals, USA. According to the product 
sheet from Sigma-Aldrich, Celluclast® 1.5L was produced from T. reesei ATCC 26921 at a specific 
activity of 700 U/g with a density of 1.2 g/mL at 25 °C. Celluclast® has a typical nutritional value of 
approximately 540 kJ/100 g enzyme product, 14 g/100 g protein, 30 g/100 g polyols, 5 g/100 g 
ash (1.95 g/100 g sodium) and 51 g/100 g moisture. Acetic acid solution (99.8%; Darmstadt, 
Germany), sodium acetate trihydrate, and sodium hydroxide (Merck, Germany) were used as pH 




A preliminary study was done to determine the optimum level of cellulase assay. The four variables 
of interest were pH (4–8), temperature (30 °C to 80 °C), enzyme concentration (5%–80%, v/w), 
and chitosan concentration (0.4%–8.0%, w/v). During the determination of temperature range, the 
range of pH, enzyme concentration, and substrate concentration was fixed at pH 5, 10% (v/w), 
and 10% (w/v), respectively. Enzyme concentration was fixed at 10% (v/w) and substrate 
concentration at 10% (w/v) to determine the pH range. Acetate buffer (0.2 M, pH 4.5, pH 5, and 
pH 5.5) and phosphate buffer (0.2 M, pH 6, pH 6.5, pH 7, pH 7.5, and pH 8) were used. After the 
hydrolysis process performed at a certain time and parameters, enzyme activity was stopped by 
boiling for 10 minutes.  
 The mixtures were centrifuged at 10 000 rpm for 40 minutes. The amount of reducing 
sugar released during the reaction period was measured according to the 3, 5-dinitrosalicylic 
reagent method (Miller, 1959) using D-glucosamine (GlcN) as the standard compound. The 
enzyme activity was determined by measuring the quantity of reducing sugar released during the 
reaction. One unit of enzyme activity was defined as the amount of enzyme that catalyses the 
reaction of 1 µmol of reducing sugar per minute. The reaction time for COS production was 
determined at the optimum parameters (temperature, pH, enzyme concentration, and substrate 
concentration) and the time range was 72 hours. 
 
 
Experimental Design and Statistical Analysis  
Design Expert release 6.0.6 software (Minneapolis, Minnesota, USA) was used to design an 
experiment rendering the data obtained after the preliminary study. The optimum parameters and 
response for maximum Celluclast® activity can be identified by applying a CCD. A central 
composite rotatable design (CCRD) consisting of four variables was used in this study. The four 
variables and their levels were, pH (4.0–6.0), temperature (20 °C to 60 °C), enzyme concentration 
[10%–30% (v/w)], and chitosan concentration [0%–4% (w/v)]. This design generated 30 
experiments points (16 factorial points, 8 axial points and 6 centre points) with different settings, 
which were carried out in a randomised order to minimise the effect of unexplained variability in 
the observed response due to extraneous factors (Table 1). 
 Data from CCD were analysed by modified regressions to fit the following quadratic 
polynomial model: 




 Y represents the response function. βk0 is an intercept. Where βki, βkii and βkij are the 
coefficients of the linear, quadratic and interactive terms, respectively. Accordingly χi and χj 
represent the coded independent variables, respectively. The fitted polynomial equation is 
expressed as a surface and contour plot to visualise the relationship between the response and 
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experimental levels of each factor and to deduce the optimum conditions. The analysis of variance 
tables was generated, and the effect and regression coefficients of individual linear, quadratic and 
interaction terms were determined. The regression coefficients were then used to make a 
statistical calculation to generate dimensional and contour maps from the regression models. P- 
values of less than 0.05 were considered to be statistically significant.  
 The accuracy of the models was evaluated using the coefficient of determination (R2 and 
adjusted R2 values). The types of errors can be eliminated by using an absolute average deviation 
(AAD) analysis, which is a direct method for describing a deviation (Bas and Boyaci, 2007). The 
AAD was calculated using the following equation:  
 
    
   
   
       
 yi,exp and yi,cal is the experimental and calculated responses  
p is the number of an experiment run 
 
Table 1: Levels of independent variables established with the central composite design (CCD) 
Factor Level 
-2 -1 0 +1 +2 
Temperature 20 30 40 50 60 
pH 4.0 4.5 5.0 5.5 6.0 
Celluclast® Concentration, % 
(v/w) 
10 15 20 25 30 
Substrate Concentration, % 
(w/v) 




Results and discussion 
 
Preliminary Study to Optimize The Factor 
Effect of the Temperature 
The temperature of a reaction mixture can influence enzyme activity and subsequently influence 
chitosan hydrolysis. Thus, the effect of different temperatures was investigated (Figure 1). 
According to Andreaus (1999), the activity of the enzymes, which is measured by the formation of 
reducing soluble sugars, was not affected until 37 °C. The enzyme activity increased slightly 
between 37 °C and 50 °C and decreased sharply above 50 °C.  
 The enzyme was relatively stable in the temperature range below 60 °C but was rapidly 
inactivated at a higher temperature. In the study on the effect of temperature and enzyme activity 
(Figure 1), the optimum temperature was determined at 50 °C. The amount of enzyme activity 
started to decrease after 50 °C, and almost no product was formed when the temperature reached 
80 °C because, when temperature results in extreme heat, the enzymes denature, and the 
subsequent unravelling of the protein structure renders them inactive. Xia et al. (2008) reported 
that the optimal temperature for the cellulase secreted by the fungus on chitosan was between 50 
and 60 °C. In contrast to this finding, several studies reported that the optimal temperature for 
COS production with a commercial enzyme-containing chitosanase was obtained at 40 °C (Roncal 
     (2) 
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et al., 2007), 45 °C (He-Yu & Wang, 2008; Huang et al., 2006), 50 °C (Li et al., 2005; Wu, 2011), 
55 °C (Lee et al., 2008), and 58 °C (Liu et al., 2005). The different optimal temperatures reported 

























Figure 1: Effect of temperature (°C) on the enzymatic hydrolysis of chitosan at 10% (w/v) chitosan 
concentration and 10% (v/w) Celluclast®-to- substrate ratio. The reducing sugar concentration was 
analysed after incubation in 0.2 M AcOH buffer solution (pH 5) at different temperatures for 24 h. 
 
 
Effect of the pH 
The pH in the reaction mixture can influence cellulase activity because it alters the ionisation 
balance of cellulase, which may subsequently influence chitosan hydrolysis. Changes in pH lead 
to the breaking of the ionic bonds holding the tertiary structure of the enzyme in place. The enzyme 
begins to lose its functional shape, particularly the shape of the active site, such that the substrate 
will no longer fit into it. Thus, the enzyme denatures. Furthermore, changes in pH affect the 
charges on the amino acids within the active site, such that the enzyme will not be able to form an 
enzyme-substrate complex. Therefore, investigating the effect of pH ranging from 4.0–7.0 of the 
reaction mixture on chitosan hydrolysation is important.  
 Figure 2 show that pH 4.5 was the optimum pH for degrading chitosan by cellulase. At 
higher pH values, the degradation was worse than that at pH 4.5, partly because of the lower 
solubility of chitosan. Thus, the chitosan molecular chain cannot develop efficiently, and the 
chance for the interaction of the substrate and enzyme activity centre decreases (Lin et al., 2002). 
In contrast, other reports have described the optimal conditions for the enzymatic hydrolysis of 
chitosan at pH 4.0 (Lin et al., 2002), 4.5 (Yongchun et al., 2003; Roncal et al., 2007), 5.3 (Liu et 

































Figure 2. pH dependence of the enzymatic hydrolysis of chitosan at 10% (w/v) chitosan concentration and 
10% (v/w) Celluclast®-to- substrate ratio. The reducing sugar concentration was analysed after incubation 
at 50 °C for 24 h. 
 
 
Effect of the Enzyme Concentration 
Figure 3 shows the effect of enzyme concentration on chitosan hydrolysis. Enzyme activity 
increased sharply with increasing enzyme concentration up to 10% (v/w) and increased slowly 
with the amount of enzyme at 10% (v/w) and 20% (v/w). The optimum enzyme concentration was 
20% (v/w) at 50 °C and pH 4.5. No increase in enzyme activity was observed when the enzyme 
concentration was further increased, indicating that, at 30% (v/w) Celluclast® concentration, all 
chitosan was saturated by the enzyme. Saturated chitosan will affect the charge and enzyme 
active site and cause the deterioration of cellulase activity. 
 
 
Figure 3. Effect of enzyme concentration (%v/w) on Celluclast® activity at 10% (w/v) chitosan 
concentration. The reducing sugar concentration was analysed after incubation in 0.2 M AcOH buffer 
solution (pH 4.5) at 50 °C for 24 h. 
Effect of the Substrate Concentration 
Most cellulases have a non-specific hydrolytic action on chitosan, and some are even superior to 
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similarity of chitin, chitosan, and cellulose, which are all polymers of D-glucose linked by β-1, 4-
glycosidic linkages. In chitosan, the C-2 hydroxyl groups are replaced by amino groups, and 
cellulases tend to hydrolyse the glycosidic bond to degrade chitosan (Xia et al., 2008). Thus, 
enzyme and substrate concentrations affect the reaction rate of an enzyme-catalysed reaction. 
An organism regulates its enzyme activity and metabolism by controlling these factors. 
 Increasing the substrate concentration increases the reaction rate, as shown in Fig. 4, 
because more substrate molecules will be colliding with the enzyme molecules, thereby forming 
more products. Enzyme activity increased up to 2% (w/v) substrate concentration and at an 
optimum level at 50 °C, pH 4.5, and 20% (v/w) enzyme concentration. The extent of enzyme 
activity decreased after 2% (w/v) substrate concentration without changing from 4% (v/w) to 8% 
(w/v). At a low substrate concentration, many active sites are not occupied. Thus, the reaction rate 
is low. After a certain concentration, more enzyme-substrate complexes can be formed, given 
more active sites are available, thus increasing the reaction rate. The active sites of the enzymes 
will eventually become saturated beyond a certain substrate concentration, thereby limiting the 
formation of enzyme-substrate complexes. 
 
Figure 4. Effect of substrate concentration (% w/v) on Celluclast® activity at     20% (v/w) Celluclast®-to-
substrate ratio. The reducing sugar concentration was analysed after incubation in 0.2 M AcOH buffer 
solution (pH 4.5) at 50 °C for 24 h. 
 
 
Central Composite Design (CCD) 
After determining the preliminary study, the range of the variables can be determined using the 
single factor test (temperature, pH, enzyme concentration, and substrate concentration). A 30-run 
of CCD with four factors and five levels, including six replicates at the centre points, was performed 
to fit the second-order response surface to optimise the conditions. The experiment design with 
the factors and the actual and predicted responses are shown in Table 2. 
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1 -1(30) -1(4.5) -1(15) -1(1) 0.50 0.37 
2 1(50) -1(4.5) -1(15) -1(1) 0.59 0.50 
3 -1(30) 1(5.5) -1(15) -1(1) 0.70 0.69 
4 1(50) 1(5.5) -1(15) -1(1) 0.59 0.60 
5 -1(30) -1(4.5) 1(25) -1(1) 0.48 0.54 
6 1(50) -1(4.5) 1(25) -1(1) 0.65 0.67 
7 -1(30) 1(5.5) 1(25) -1(1) 0.65 0.62 
8 1(50) 1(5.5) 1(25) -1(1) 0.58 0.53 
9 -1(30) -1(4.5) -1(15) 1(3) 0.32 0.29 
10 1(50) -1(4.5) -1(15) 1(3) 0.87 1.07 
11 -1(30) 1(5.5) -1(15) 1(3) 0.66 0.64 
12 1(50) 1(5.5) -1(15) 1(3) 0.58 0.60 
13 -1(30) -1(4.5) 1(25) 1(3) 0.50 0.46 
14 1(50) -1(4.5) 1(25) 1(3) 1.51 1.24 
15 -1(30) 1(5.5) 1(25) 1(3) 0.60 0.58 
16 1(50) 1(5.5) 1(25) 1(3) 0.59 0.54 
17 -2(20) 0(5.0) 0(20) 0(2) 0.83 0.81 
18 2(60) 0(5.0) 0(20) 0(2) 0.64 0.62 
19 0(40) -2(4.0) 0(20) 0(2) 0.57 0.65 
20 0(40) 2(6.0) 0(20) 0(2) 0.55 0.57 
21 0(40) 0(5.0) -2(10) 0(2) 0.75 0.66 
22 0(40) 0(5.0) 2(30) 0(2) 0.68 0.76 
23 0(40) 0(5.0) 0(20) -2(0) 0.05 0.10 
24 0(40) 0(5.0) 0(20) 2(4) 0.76 0.81 
25 0(40) 0(5.0) 0(20) 0(2) 0.49 0.71 
26 0(40) 0(5.0) 0(20) 0(2) 0.62 0.71 
27 0(40) 0(5.0) 0(20) 0(2) 0.71 0.71 
28 0(40) 0(5.0) 0(20) 0(2) 0.78 0.71 
29 0(40) 0(5.0) 0(20) 0(2) 0.77 0.71 




RSM was applied to model the enzyme activity with four reaction parameters: incubation 
temperature, pH, substrate concentration, and enzyme concentration at each of the 30 
experimental sets generated. Table 3 shows the best fitting models were successfully determined 
through modified regressions with manual elimination, whereby insignificant factors and 
interactions were removed from the models. The values of “Prob > F” less than 0.0500 indicate 
the model terms are significant. A lack of fit F-value of 2.06 implies the lack of fit is not significant 
relative to the pure error. A 22.18% chance that a lack of fit F-value this large could occur due to 
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noise exists. Adeq Precision measures the signal-to-noise ratio. A ratio greater than 4 is desirable, 
whereas a ratio of 13.407 and above indicates an adequate signal. 
The values for R2, adjusted R2, and AAD were 0.8298, 0.6204, and 13.08% respectively, 
indicating that 82.98% variability in the response can be explained by the model. This high R2 
value indicated that the models are well adapted to the response. According to Table 3.3, the 
second-order model is statistically suitable, with a significance level of (P˂0.05). Furthermore, the 
second-order model had no significant (P>0.05) lack of fit. Thus, the well-fitting models for 
Celluclast® activity were successfully established. 
 
Table 3: ANOVA table for Central Composite Design 




F value Prob > F  
Model 1.23 16 0.077 3.96 0.0081 significant 
Residual 0.25 13 0.019    
Lack of Fit 0.19 8 0.024 2.06 0.2218 not significant 
Pure error  0.059 5 0.012    
Cor Total 1.49      
 *R2= 0.8298; Adj R2,= 0.6204; Adeq Precision= 11.311. 
              
Many contributing factors, such as incubation temperature, pH, enzyme concentration, and 
substrate concentration, affect the degree of hydrolysis. Table 4 shows that enzyme activity was 
positively affected by two reaction parameters. Enzyme concentration has more positive effects 
compared with substrate concentration. The P-values were used as a tool to check the 
significance of each coefficient. The smaller the P-value, the more significant the corresponding 
coefficient (Guo et al., 2010). The interactions of the factors (D2, AB, AD and AB2) was significant 
at P<0.05. Values greater than 0.1000 indicated the model terms are not significant. Temperature 
and pH were shown to affect enzymatic hydrolysis negatively. 
 
Table 4: Regression coefficients and P-values for Celluclast® activity 
Variables Regression coefficients P- values 
Intercept 0.670 0.0081 
A- Temperature -0.048 0.3531 
B- pH -0.021 0.4689 
C- Enzyme concentration 0.025 0.3884 
D- Substrate concentration 0.180 0.0032 
A2 0.024 0.3909 
B2 -0.020 0.4639 
C2 0.019 0.4963 
D2 -0.059 0.0457 
AB -0.130 0.0025 
AC 0.041 0.2651 
AD 0.087 0.0271 
BC -0.061 0.1058 
BD -0.067 0.0774 
CD 0.049 0.1804 
A2D -0.120 0.0648 
AB2 0.140 0.0327 
 
The effect of enzyme concentration on enzyme activity increased from low to medium level 
to high (Figure 5a). However, after a certain point, a further in enzyme concentration only speeded 
up the reaction but did not increase the enzyme activity.  
 














Figure 5a: Main effect plot showing the effect of enzyme concentration and Celluclast® activity. 
Figure 5b shows that substrate concentration positively affected enzyme activity with a slight 
increase from a low to a high level of substrate concentration. Although temperature, pH, enzyme 
concentration, and substrate concentration had insignificant effects on Celluclast® activity, they 



























































Warning!  Factor involved in an interaction.















Warning!  Factor involved in an interaction.
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The equation in terms of the coded factors shown in Equation (3):  
Y=0.67- 0.0487x1 - 0.021x2 + 0.025x3 + 0.018x4 + 0.024x12- 0.020x22 + 0.019x32 - 0.059x42 - 
0.13x1x2 + 0.041x1x3 + 0.087x1x4 - 0.061x2x3 - 0.067x2x4 + 0.049x3x4 – 0.12 x12x4 + 0.14 x1x22      
                       (3) 
 
Where Y, Celluclast® activity; x1 the coded value of variable temperature (coded values, ranging 
from -2 to 2, which correspond to the actual values of 20°C to 60°C, respectively); x2 the coded 
value of variable pH (coded values, ranging from -2 to 2, which correspond to the actual values of 
pH 4.5 to pH 6.0, respectively); x3 the coded value of variable enzyme concentration (coded 
values, ranging from -2 to 2, which correspond to the actual values of 10% (v/w) to 30%(v/w), 
respectively); and x4 the coded value of variable chitosan concentration (coded values, ranging 
from -2 to 2, which correspond to the actual values of 0%(w/v) to 4%(w/v), respectively). 
 
 
Optimisation of hydrolysis conditions   
Response surface plots were constructed by plotting the Celluclast® activity against pH and 
temperature, whereas enzyme concentration and substrate concentration were fixed at respective 
medium levels to determine the optimal levels of each variable for maximum Celluclast® activity. 
Fig. 6 shows the optimum conditions for the hydrolysis reaction to yield the maximum level of 
Celluclast® activity. To achieve the maximum level of Celluclast® activity, the hydrolysis should be 
carried out with 25% (v/w) cellulase, at pH 4.5, at 49.8 °C, and with 3% (w/v) substrate 
concentration. The maximum response was estimated at 1.268 U. The optimum temperature 
obtained from the RSM (49.8 °C) is within range, as reported by Hong & Kim (1998), who that 
stated the optimum temperature of cellulase secreted by T. reesei was between 45 °C to 55 °C. 
Tjerneld (1994) reported that the optimum pH for cellulase assay from fungus Trichoderma was 
4.5 to 5.0. Thus, this cellulase assay from Trichoderma was successfully performed at pH 4.5 


















Figure 6. Response surface plot of interaction between pH and temperature on Celluclast® activity at 
medium levels of enzyme concentration and substrate concentration. 
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Validation of the Model 
The combination of different optimised variables, which yield the maximum response, was 
determined in an attempt to verify the validity of the model. Subsequently, three additional 
confirmation experiments were conducted under optimal conditions to confirm the validity of the 
suggested mathematical model. The suitability of the model equations for predicting optimum 
response values was tested under the following conditions: 49.8 °C, pH 4.5, 25% (v/w) cellulase, 
and 3% (w/v) chitosan. This set of conditions was determined optimum by the RSM optimisation 
approach and was also used to validate experimentally and predict the values of the response 
using the model equation. A mean value of 1.218 U ± 0.28 (N=3), obtained from actual 
experiments, demonstrated the validation of the RSM model, indicating that the model is adequate 
for analysing the hydrolysis process (Table 5).  
Table 5. Predicted and experimental values of the responses at optimum conditions 










49.8 4.5 25 3 1.218 ± 0.28 1.268 
aMean ± standard deviation (n=3).  
 
 
Interaction with Time 
Response time is one of the important factors determining the maximum amount of Celluclast® 
activity produced by assaying Celluclast® on chitosan. This study also ensured maximum results 
with minimum time to save on costs. Based on the optimal parameters obtained by ANOVA after 
a determination using CCD (Figure 6), the optimum reaction time was 24 hours for maximum yield. 
As shown in Figure 7, time-course studies on hydrolysing chitosan with cellulase were carried out 
for a period of 72 hours. A slow increase in enzyme activity was observed within 12 hours, and a 
sharp increase from 12 hours to 24 hours. Enzyme activity did not increase after 24 hours. 




Figure 7: Effect of time on hydrolysing chitosan with Celluclast® at 49.8 °C, pH 4.5, 3% (w/v) chitosan 































The results indicate that the enzymatic hydrolysis of chitosan was clearly enhanced by 
temperature, pH, enzyme concentration, and substrate concentration. Enzyme activity was 
determined by measuring the quantity of reducing sugar released during the reaction, whereas 
the maximum enzyme activity achieved was obtained under optimum parameters after analysis 
with RSM. A Celluclast® activity of 1.268 U was obtained at 49.8 °C, pH 4.5, 25% (v/w) Celluclast, 
and 3% (w/v) chitosan for 24 hours. The model validation provided good agreement between the 
experimental results (1.218 U ± 0.28) and the predicted response. Validation tests showed that 
the predicted value for Celluclast® activity was close to the actual value. Thus, the model 
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